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ACUTE TOXICITY SUMMARY

ARSENIC AND INORGANIC ARSENIC COMPOUNDS

Percent CAS
Molecular Molecular As by Registry
formula weight weight Synonyms Number
As 74.92 100% arsenic black, metallic 7440-38-2
arsenic
AS03 197.82 75.7% arsenious acid, crude 1327-53-3
arsenic, white arsenic
ASsCl; 181.28 41.3% arsenic butter, 7784-34-1
trichloroarsine, arsenious
chloride
AsOs 229.82 65.2% arsenic anhydride, arsenic | 1303-28-2
oxide, arsenic acid
anhydride
AsH3Na,0O4 185.91 40.3% arsenic acid disodium salt, | 7778-43-0
disodium arsenate,
sodium arsenate dibasic
AsHNaO, 130.92 57.2% arsenous acid disodium 7784-46-5
salt, arsenious acid
sodium salt

l. Acute Toxicity Summary (for a 4-hour exposure)

Inhalation reference exposure level 0.19 ng As/m3

Critical effect(s) decreased fetal weight in mice
Hazard Index target(s) Reproductive/devel opmental
Il. Physical and Chemical Properties (For metallic arsenic except as noted) (HSDB,
1993 except as noted)
Description yellow, black or gray solid
Density As. 5727 g/cm3 @ 14°C
AsCly: 2.16 glem® @ 25°C
Boiling point 613°C (sublimes) (ACGIH, 1991)
Melting point sublimes (see boiling point)
Vapor pressure 760 mmHg @ 372° C
Flashpoint not applicable
Explosive limits not applicable
Solubility solublein nitric acid, insoluble in water (salts and oxides
are soluble in water)
Odor threshold not applicable
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Odor description not applicable
Metabolites dimethylarsinic acid, methylarsonic acid
Conversion factor not applicable for As,

AsCl3: 1 ppm = 7.41 mg/m?3
I11.  Major Uses or Sources

Arsenic is ubiquitous and is found in small amounts in soils and water throughout the world and
also in foods, particularly seafood (NIOSH, 1976). Ore refining processes, including the smelting
of copper and lead, are the mgjor sources of release of arsenic dust and inorganic arsenic
compounds. Arsenic trioxide is the form of inorganic arsenic most commonly produced. Itis
used as araw material for the production of other inorganic arsenic compounds, aloys, and
organic arsenic compounds (Kirk-Othmer, 1978).

Pesticides constitute the largest single use (50%) of arsenic compounds (HSDB, 1993). The
major arsenic herbicides manufactured are monosodium methyl arsonate (MSMA), disodium
methyl arsonate (DSMA), and dimethyl arsenic acid (cacodylic acid). Inorganic arsenic
compounds are also used as herbicides (arsenite), insecticides (calcium and other arsenates), or
rodenticides (sulfides) (ACGIH, 1991). Arsenic trichloride, for example, is used mainly asa
chemical intermediate in the production of insecticides, but has other applicationsin the ceramics
and pharmaceutical industries (HSDB, 1993). Arsenicis used as a pesticide to treat tobacco;
thus, cigarette smoke is another common source of exposure (U.S.EPA, 1984).

Arsenic-based wood preservatives constitute the next largest use (40%) of arsenic compounds
(HSDB, 1993). Arsenic pentoxideis used in the manufacturing of colored glass and as an
insecticide and soil fumigant, but its magjor use isin formulated wood preservatives (HSDB,
1993).

The glass and electronic industries are also consumers of arsenic compounds. 1n the manufacture
of semiconductors, elemental arsenic is alloyed with gallium and other heavy metals (HSDB,
1993). Several arsenic compounds are used in the production of colored glass.

The highly toxic trivalent arsenic compounds, such as arsenic trioxide, are typically introduced
into the environment as a result of industria processes including the smelting of metal ores.
Pentavalent arsenic compounds are generally considered to be less toxic and are most frequently
found naturally.

IV.  Acute Toxicity to Humans
The relative toxicity of arsenic compounds decreases as follows: arsing(I11) > organo-arsine
derivatives > arsenites(l11) > arsenoxides(l11) > arsenates (V) > pentavalent organic compounds

(V) > arsonium metals (I) > metallic arsenic (0), where the Roman numeral indicates the oxidation
state (HSDB, 1993).
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Acute inhalation exposure may result in severe irritation of the mucous membranes of the upper
and lower respiratory tract with symptoms of cough, dyspnea, and chest pain (Friberg et al.,
1986). These may be followed by garlicky breath and gastrointestinal symptoms including
vomiting and diarrhea (HSDB, 1993). Signs of acute poisoning are dermatitis, nasal mucosal
irritation, laryngitis, mild bronchitis, and conjunctivitis (Friberg et al., 1986). The acute toxic
symptoms of trivalent arsenic poisoning are due to severe inflammeation of the mucous membranes
and increased permeability of the capillaries (HSDB, 1993). Inorganic arsenic compounds are
easily absorbed through the skin; the trivalent is more rapidly absorbed than the pentavalent
(Reprotext, 1999).

Ingestion of 2 g of As,O; was fatal to an adult male (Levin-Scherz et al., 1987). Populations on
the southern coast of Taiwan, chronically exposed to variable high concentrations of arsenic
(0.10-1.81 ppm) in deep-well water used for drinking, exhibit an endemic periphera vascular
disorder named “blackfoot disease” (Yu et al., 1984). This condition results in gangrene of the
extremities, especially the feet.

Predisposing Conditions for Arsenic Toxicity

Medical: Persons with skin or respiratory conditions, including allergies, may be
more sensitive to the toxic effects of arsenic (HSDB, 1993).

Chemical: Persons with higher than normal intakes of arsenic, including smokers and
fish and shellfish eaters, may be more sensitive to toxic effects following
arsenic exposure (Reprotext, 1999).

V. Acute Toxicity to Laboratory Animals

The LC,, for AsCl; in the cat for a 20 minute inhalation exposure is 100 ppm (740 mg/ms3) (Flury,
1921). Inthe mouse, the LC,, of AsCl; for a 10 minute exposure is 338 ppm (2500 mg/mg)
(Flury, 1931).

Mortality in mice challenged with aerosolized streptococci following a 3-hour exposure to 123-
940 ng As/mB (in an arsenic trioxide aerosol) increased in a dose-related manner with increasing
concentrations of As,O; (Aranyi et al., 1985). Pulmonary bactericidal activity (type unspecified)
was significantly decreased in all mice exposed for a single 3-hour period to concentrations
greater than 123 ng As/m3. No adverse effects were observed following a single 3-hour exposure
to 123 ng As/me.

A single intratracheal instillation of 17 mg As,O4/kg in rats resulted in multifocal interstitial
pneumonia and focal proliferative bronchiolitis and aveolitis observed at necropsy 14 days post-

exposure (Webb et al., 1986). The authors suggest (but do not confirm) that As,Os induced an
acute fibrogenic response.

VI.  Reproductive or Developmental Toxicity
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Arsenic islisted under California Proposition 65 (Ca/EPA, Safe Drinking Water and Toxic
Enforcement Act of 1986) as a developmental toxicant. The oxidation state of arsenic determines
the teratogenic potential of its inorganic compounds; trivaent (111) arsenic compounds possess
greater teratogenic potential than pentavalent (V) compounds. In hamsters, a single maternal
intravenous injection of 20 mg/kg sodium arsenate (V) (AsH3:Na,O,4) on gestation day 8 was lethal
to 44% of al embryos (Willhite and Ferm, 1984). A smaller dose (10 mg/kg) of sodium arsenite
(1) (AsHNaO,) administered in the same manner resulted in 90% embryonic lethality.

Fetal malformations, including exencephaly, resulted from an intravenous injection of AsH3;N&O,
(V) into pregnant hamsters on gestation day eight (Ferm and Carpenter, 1968). The reproductive
NOAEL in this experiment was 5 mg/kg. A significant reduction in fetal body weight, but no
malformations were observed following a maternal dose of 5 mg/kg AsHNaO; (111) by the same
route on gestation day eleven or twelve (Harrison and Hood, 1981).

A significant increase in pre-implantation mortality followed exposure of pregnant rats to
aerosolized As,O; at 1 mg/m? for 5 months; no maternal toxicity was observed (Kamkin, 1982).
At the LOAEL, 0.3 mg/m3, dightly elevated pre-implantation lethality was observed. The validity
of this report cannot be evaluated, however, because key experimental details were not reported

Pregnant mice were exposed to 0.26, 2.9, or 28.5 mg/m3 As,0O5 for four hours per day on days 9-
12 of gestation (Nagymajtenyi et al., 1985). A significant dose-related decrease in fetal weight
was observed in the offspring of exposed dams. Dose-related increases in hepatocellular
chromosomal damage were observed in all exposed groups; in the highest dose group the
chromosomal damage was statistically significantly different from the control. The percent of
dead fetuses per dose group aso increased in a dose-related manner. Maternal toxicity was not
reported

A significant decrease in spermatozoa motility was observed in male rats following continuous
exposure to As,O; at a concentration of 40 mg/m? for 48 hours (Kamil’ dzhanov, 1982).
Intravenous injection of radioactive arsenate (V) or arsenite (111) in severa rodent species,
including mice and hamsters, resulted in accumulation of arsenic in the lumen of the epididymal
duct, which suggests that long term exposure of sperm may occur in vivo following acute
exposure to As (Danielsson, 1984).

VIIl. Derivation of Acute Reference Exposure Level and Other Severity Levels (for a
1-hour exposure)

Mild Adverse Effect Level

Because the most sensitive endpoint found in the literature was reproductive toxicity which isa

potentially disabling, severe adverse effect, a discomfort or mild adverse effect level is not

recommended.

Reference Exposure Level for a 4 hour exposure (protective against severe adverse effects):
0.19 ng As/m3
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Because of the uncertainty of extrapolating from repeated dose studies to a one-hour
concentration, for the reproductive endpoint we have chosen to use one-day’ s exposure regimen
asabasisfor the REL. Thus, for arsenic, this REL isfor a4-hour exposure.

Study
Study population
Exposure method

Critical effects
LOAEL

NOAEL

Exposure duration

LOAEL uncertainty factor
Interspecies uncertainty factor
Intraspecies uncertainty factor
Cumulative uncertainty factor
Reference Exposure Level

Nagymajtenyi et al., 1985

pregnant mice

maternal inhalation exposure for 4 hours on
gestation days 9, 10, 11, and 12

decreased fetal weight

0.26 mg/m3® As,05 (0.19 mg AFm?)

not determined in this study

4 hours per day

10
10

10

1,000

0.00019 mg As/m? (0.19 g Ag/m?)

Level Protective Against Life-threatening Effects
No recommendation is made due to the limitations of the database.

NIOSH listsarevised IDLH of 5 mg/m3 on the NIOSH web site (http://www.cdc.gov/niosh),
which is derived from an ora lethality study of calcium arsenate in dogs.
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